Abstract
Introduction
Modularity is a key concept in the context of developing products, processes, software and systems (e.g. Ulrich and Tung [29] , Baldwin and Clark [3] , Schilling [25] ). The potential benefits have long been recognized. Since 2007, more and more scholars focus on the topic of modularity in the context of services. Service modularity is applied to a wide range of services. For example, Pekkarinen and Ulkuniemi [22] explore the literature related to modularity in developing and manufacturing physical products in order to employ the idea of modularity to the business services context. De Blok et al. [6] show how modularity can help to improve care services. Furthermore, Bask et al. [5] research service modularity in the context of product-related services. Rahikka et al. [24] state that modularity in services will simplify design and development processes and offer the potential for a greater division of labour across firms.
Given the wide variety of contexts and the multiplicity of research streams, the question is whether a shared conceptual understanding of service modularity has emerged. What are the effects arising from the application of service modularity in such a variety of contexts? To what extent are the effects of modularity evaluated with empirical data?
Thus, the purpose of this paper is to contribute to a shared understanding of the concepts of service modularity and its associated benefits and risks. To this end, we conduct a systematic survey of the extant literature and systematize this literature regarding the core concepts and the effects of service modularity in order to derive insights for future research.
The following questions guide this research: 1. What are the commonalities and differences of extant conceptualizations of service modularity? 2. What are the commonalities and differences in the effects associated with service modularity? 3. Which effects have been identified in empirical studies? The extant literature comprises related reviews of service modularity by Bask et al. [3] , Böttcher and Klingner [6] , Lin and Pekkarinen [13] , Moon et al. [17] , and Voss and Hsuan [27] . We deepen and extend the findings of these papers in several ways. First, the present paper is based on a structured and documented process of literature search and selection. Second, we focus on comparing systematically definitions of (service) modularity found in the selected papers to shed light on the conceptual diversity. Third, we assess the papers regarding their findings on the effects of service modularity. Specifically, we compare the level of empirical data the papers present to underpin their claims.
The paper is structured as follows: First, we present the methodology of our systematic integrative literature review. Second, we introduce several criteria for comparing different approaches in the considered literature. Third, we describe the main findings according to the criteria introduced in the previous section regarding diverse types of services. Fourth and finally, we summarize our findings and derive conclusions for future research on service modularity and the related effects.
Methodology
This paper presents a systematic literature review to summarize past research on service modularity in general, as well as concentrating on specific aspects, and to highlight important issues that further research should address.
We did this work following the guidelines given by vom Brocke et al. [8] . In this article, it is stated that a literature search represents the fundamental first step and that the process of searching the literature must be comprehensibly described. This is a reliable approach for peers to both assess the completeness and thoroughness of the review, and confidentially reuse these results in their own research.
Initially, we used the literature database ABI/INFORM complete to identify potentially relevant papers. This database is considered one of the most comprehensive business databases on the market today, delivers over 6.800 journals and covers key disciplines such as economics, information technology, management, and operations.
Coming to the details of our search, we used the keyword "modular" in title, keywords or abstract of the article in combination with "service" in the title. We added a wildcard to the keyword "modular" to find all results that are related with this keyword. These keywords were chosen to obtain a wide perspective on our topic of interest and to build up some kind of general database for future searches on specific aspects directly related to the topic of service modularity. Moreover, the idea was to carry on in collecting new articles and to add them to this database. We restricted our search to articles classified as "peer-reviewed" to assure a certain quality of the considered articles. In this first step, we obtained 70 articles.
We are particularly interested in services in a business sense. We therefore selected papers that focus on service modularity on this level. As a corollary, we excluded papers that focus on service modularity in the context of computer science, e.g. those discussing service modularity in contexts like "communication networks", "software", "software packages", "computer architecture", "computer networks", "software engineering", "programming languages" etc. In this second step, we reduced our results to 42 articles.
Subsequently, we viewed all titles, keywords and abstracts of these articles. As a result, we identified 13 articles that specifically focused fully on the topic of service modularity. We thus excluded papers that covered the issue not as a core concept of the paper or that were in other ways unrelated.
This led to the fact that the period under consideration mainly covers the years from 2005 to 2012. As Bask et al. [5] already mentioned, only few authors dealt with the topic of service modularity before 2008.
In addition, to improve the quality of our research, we extended the literature base with articles about service modularity that were for some reason not included in our results respectively selections. Therefore, we analysed the reference lists of the considered articles as a crosscheck. In this case, very helpful and informative were the works done by Bask et al. [5] , Lin and Pekkarinen [15] , and Voss and Hsuan [30] . As a result of this activity, we added nine papers to the relevant set. Altogether, we reviewed 22 articles in our study.
Examined aspects
In this section, the criteria are introduced to examine the current state of service modularity in the considered literature and to survey and systematize this literature on the effects of service modularity.
As a first step, we compared the considered articles according to their service focus and their contribution to the topic of service modularity.
As a second step, we compared the definitions of service modularity used in the extant literature to identify commonalities and differences in the foundational concept. Such an analysis provides the foundation for assessing the complementarity of current research findings. Differences in the foundational concept could explain differences in outcomes.
As a third step, we provide a comprehensive discussion of the positive and negative effects achieved with service modularity as presented in the extant literature. Particularly, we were interested in finding out which effects are associated with service modularity and to what extent the claim of these effects has been supported by empirical evidence.
Results of the analysis

Overview of the considered literature
The following section presents briefly the considered articles we reviewed by applying the first set of criteria presented in the previous chapter of this article. The results are listed in Table 1 containing one row for each article. These articles are arranged in alphabetical order regarding the name of the first author. If there exist several articles written by the same author(s), these articles are arranged in chronological order starting with the newest article.
In general, the present literature review reflects the growing research interest in the topic of service modularity by deriving established knowledge and experience from product modularity that can be applied to services. As Bask et al. [5] point out, modularity has been a popular concept especially in operations research and management rhetoric for decades. Lin et al. [14] conclude that most of the research attempts on service design have been made in extending the product design model to the service sector. As well, Voss and Hsuan [30] state that the potential benefits from modular design have long been recognized in products, production, and software. Many authors dealt with that topic. But until 2008, there has been little application of these concepts in the design of services. Bit by bit, this emerges. Automotive They introduce a framework with which different customer service offerings, service production processes, and service production networks can be analysed in terms of both modularity and customization. This framework allows examining different combinations of modularity and customization degrees. Bask et al. (2010) Logistics They describe the current state of modularity research, clarify the concept and impacts of modularity and discuss whether the modularity concept originally developed in the context of physical products could be applied in the context of product-related services. They provide a method that allows the structuring of service modules for service configuration and therefore overcome some of the challenges of service modularisation. Ho et al. (2009) Web services They develop a methodology to determine the modularization services of business processes. The developed methodology breaks up processes into modules, or groups of related services based on the observation that a module can be defined as a group of services having high cohesion and low coupling. " ! " )-++0*
ICT
They introduce and analyse three service design and development methods as to how they can be utilized as an integrated system to reduce the complexity of ICT services. Kazemi et al. (2011) 
None
They propose a metric suite to measure the degree of modularity of a service at the design level from a conceptual point of view, regarding three criteria (decomposability, composability, understandability). Lin and Pekkarinen (2011)
Logistics
They propose a framework for logistics service design, which is based on modularity logic and the quality function deployment / house of quality tools regularly used in product design. 
Banking
They develop a method for designing customized families of services using game theory to model situations involving dynamic market environments.
Authors (Year)
Service focus Contribution
Nagpal and Lyytinen (2010)
None They propose a model to explain success in large scale, complex outsourcing arrangements. This model links outsourcing success to modularity and firm level performance. Given the lack of empirical research on modularity in relation to outsourcing practices, they contribute to definition and understanding of this construct. Pekkarinen and Ulkuniemi (2008)
None
They aim to explore the literature related to modularity in developing and manufacturing physical products in order to employ the idea of modularity into the business services context. Raddats (2011) Industrial He investigates how product-centric businesses, operating in a business-to-business environment, develop industrial services to align with their services strategies and sources of market differentiation. This article is based on the results of an empirical investigation, which were used to develop a new typology through which PCB's services can be categorised and better understood. More in detail, we structured our observations according to Table 1 . First, coming to the service focus of the article, this review demonstrates that the authors concerned with the topic apply modularity to a wide range of services, e.g., industry services (Bask et al. [4] , Raddats [23] , Yu et al. [32] ), logistics services (Lin and Pekkarinen [15] , Lin et al. [14] ), healthcare services (De Blok et al. [6] , business services (Böttcher and Klingner [7] , Ho et al. [9] , Pekkarinen and Ulkuniemi [22] ), banking services (Moon et al. [20] ), physical services (Voss and Hsuan [30] ) and others. For some papers, we cannot identify a specific service focus. Those articles deal with the topic of service modularity in general. Altogether, evidence suggests that these types of services can differ enormously. Regarding logistics services, for example, these services seem to be more standardized because they are designed before and not adapted during delivery. This is in contrast, for example, to healthcare services that are designed before, but individualized during delivering.
Second, coming to the contribution of the article, the authors concentrate on very different aspects of service modularity. Some develop mathematical functions to measure the degree of modularity (Voss and Hsuan [30] , Zhou et al. [33] ). Here again, the authors mention that this mathematical function was proposed for products and was adapted to the field of services. Some focus on developing theoretical frameworks to analyse different service offerings, service production processes and service production networks (Bask et al. [4] ), to help in designing logistics services with high quality and a large service variety (Lin and Pekkarinen [15] ) or to develop a service modularity model including the parts service staff, service information, service entity and equipment (Ma et al. [16] ).
Several authors contribute to the topic of service modularity in conducting a literature review regarding different aspects. For example, Bask et al. [4] concentrate on literature on service modularity to give a fundamental overview of the most important terms, benefits and concepts of service modularity. Bask et al. [5] give a very detailed insight into the four key themes of modularity of products, modularity in production and processes, modularity of organization and supply chain, and modularity of services. Böttcher and Klingner [7] take a look at literature on industrial and software engineering to transfer those concepts to the context of services. Lin and Pekkarinen [15] review the current literature dealing with service design, quality, modularity and platform concepts to design and provide new logistics services. Moon et al. [20] review related literature and background information on product and service family design as well as game theory applications. Pekkarinen and Ulkuniemi [22] explore literature related to modularity in developing and manufacturing physical products and deploy the idea of modularity into services.
Moreover, some authors contribute to the topic of service modularity in conducting case studies. De Blok et al. [6] provide specific case study insights into the specification of relevant components and their subsequent assembly into a customized package of care and services. Hyötyläinen and Möller [11] carry out an action research-based case study of a service provider for information and communication technology in order to reduce the complexity of information and communication technology services by applying several service design and development methods. Lin et al. [14] conduct a single case study of a third party logistics company to identify the configuration of the modular logistics service platform. Moon et al. [20] demonstrate with a case study the implementation of a proposed method for designing customized families of services using game theory to model situations involving dynamic market environments. There exist some more examples.
Besides, some authors contribute to the topic of service modularity in conducting empirical studies. Miozza and Grimshaw [19] empirically explore the lessons for modularity that can be drawn from the outsourcing of knowledge-intensive business services. Rahikka et al. [24] research how services provided in modular form can exert an influence on the value perception of the customer in the professional services field. Finally, Zhou et al. [33] develop a mathematical function derived from Mikkola [17] to evaluate the degree of modularity for unique services and empirically apply it to a case company.
Overall, more and more scholars deal with the topic of modularity in the context of services. This section provides a general overview of the various aspects scholars discuss regarding service modularity. It is noticeable that the majority of these aspects are transferred from products to services. Moreover, the service focus of the considered articles is diversified. There does not seem to exist a special focus of interest.
Defining the service modularity concept
The following section presents briefly the articles regarding the definitions of the term "modularity" in the context of services and related terms. The results are listed in Table 2 containing one row for each article. The order of the articles in this table corresponds with the order of the articles in Table 1 in the last section of this article.
For all papers, we identified the definition used for (service) modularity and the source of this definition. If the papers do not contain a definition or provide an own definition, we marked this in the table.
As already mentioned in the extant literature (Bask et al. [4] , Bask et al. [5] , de Blok et al. [6] , Pekkarinen and Ulkuniemi [22] , Voss and Hsuan [30] , and others), much of the research on modularity initially focused on software or product design, then diffused to processes and organizations, and is now applied to services.
To better understand the conceptual core of the extant research, we classified the definitions of modularity referred to in the papers into four different classes.
The first class summarizes definitions that focus on product modularity. The definitions given by Ulrich and Tung [29] , Ulrich [28] , and Mikkola [17] are used several times.
The second class summarizes definitions that focus on modularity in product and institution. The definitions given by Baldwin and Clark [2] , Baldwin and Clark [3] and Schilling [25] are well established in the extant literature.
The third class contains one definition that focuses on modularity of services. This definition is given by Pekkarinen and Ulkuniemi [22] . They explore the literature related to modularity in developing and manufacturing physical products in order to employ the idea of modularity into the business services context. They state that if modularity is used in service development, the three dimensions of modularity in services, modularity in processes, and modularity in organisation need to be considered. They construct an empirically grounded model for modular service platform to identify, develop and deliver new services cost efficiently and more flexibly. As well, this definition is well established in the extant literature. The question arises whether the considered authors specifically adapt or further develop these definitions to the context of services. Do there exist definitions for modularity that explicitly deal with characteristics specific to services? In some cases, authors work accurately in differentiating between various types of themes modularity can be applied to and in most of these cases, those authors mention the definition for modularity in the context of services given by Pekkarinen and Ulkuniemi [22] . Here, the works of Bask et al. [4] , Bask et al. [5] , de Blok et al. [6] , Lin and Pekkarinen [15] , Lin et al. [14] , Raddats [23] , and Rahikka et al. [24] can be emphasized. Especially, Bask et al. [5] point out that there exists an essential difference between product and service modularity. They say service modularity has many characteristics of process modularity. But the interfaces between service modules are more often "soft" respectively "human" than in the case of products. Therefore, they state that service modularity is a more complex entity than product modularity and that it is closer to process modularity than to product modularity. They offer a table containing the different themes of modularity and the definition of the terms "module", "interface" and "architecture" for each theme.
This leads us directly to the fourth class: Only few authors adapted or even independently developed definitions of the term service modularity on their own. There exist two very interesting and promising approaches. First, Moon et al. [20] extend concepts from module-based product families to create a method for service design. Therefore, they propose definitions for the terms "service family", "service platform", "service module", and "service component". Herewith, they want to develop customized services. Second, Böttcher and Klingner [7] state that they use existing definitions of services and adapt the ideas of modularisation from other domains. They propose a definition for the term "service module" regarding specific aspects of services. In other words, we observe a transfer of existing approaches and a starting conceptual description of the term service modularity. We find that authors of literature on service modularity do not provide or use consistent terms and definitions, as Bask et al. [4] and Seite et al. [26] already mentioned.
Effects of service modularity
The following section presents briefly the articles containing certain aspects of effects associated with service modularity. While examining the considered articles, we noticed that authors tend to name certain benefits and risks of modularity in general, but not always particularly for services. Therefore, we had to decide whether the mentioned benefits and risks are especially related to service modularity, or, in other words, whether or not those benefits and risks are proven for service modularity. We decided to present only the results associated with service modularity. Additionally, we were interested in the level of evidence. We differentiated between "theoretical", "qualitative", and "quantitative". Our results are summarized in Table 3 containing one row for each article contributing to this issue. The order of the articles in this table corresponds with the order of the articles in Table 1 and Table 2 of this article.
Our results are as follows. Bask et al. [4] theoretically report packaging of functionalities, standardization of interfaces, reusability and substitution of modules.
Bask et al. [5] theoretically argue that the elements within modules can be altered without affecting the interface. In this way, it should be easy to replace the modules, using a variety of sourcing options. New partners, business services, and software modules can be plugged in or removed. Additionally, they repeat the aspects they already mentioned in Bask et al. [4] . De Blok et al. [6] conduct a case study and provide qualitative experience in the context of healthcare services. They argue that final service packages can be combined for customers in many ways from one or several distinct components. They report adaptation and fine-tuning of standard components and independent adaption of single components with respect to content, time span, moment and place of delivery, required aiding devices, materials, etc. They observe that components in care and services can be used for several clients or client groups. Following a modular set-up of service packages, providers might reduce the large number of service variations while offering differentiated packages.
Böttcher and Klingner [7] theoretically describe relatively detailed the aims of modularization in stressing the aspects of reduction of efforts, structured configuration of individual services, improved transparency, reduced complexity, enhancement and improvement, as well as reuse.
Ho et al. [9] theoretically report that modularization provides the ability for businesses to offer quick, customized product/service without totally destroying old product/service designs by reusing and recombining components.
" ! " [11] & Kazemi et al. [12] argue that modular services can be easily reused in various contexts and may be composed to satisfy new requirements. Modularity in services prevents the propagation of changes to other services and thus simplifies maintenance of serviceoriented systems. They state, the easier one can understand a service, the better understanding one has about its functionality, and one can also expect much more reusability of a module. As well, services can be freely combined to build a new system. They propose some metrics to measure the modularity of services in service-oriented architecture and apply these metrics on a sample scenario.
Lin and Pekkarinen [15] refer to Baldwin [1] in reporting on modularity that can be implemented as a means to reduce service complexity and provide service variety. Furthermore, they cite Langlois [13] in reporting on modularity that can be seen as a design principle to simplify and rationalize service and process design for managing complexity. They conduct a case study and find out that the case company can combine modules to satisfy different customers' logistics requirements, which ensures that this company maintains its competitive advantage in fast-changing customisation environments without losing cost efficiency and flexibility in service design and operations.
Lin et al. [14] report on a decrease in service complexity and an increase in responsiveness to service variety. Applying modular logic to the design process is a cost-effective and flexible way to design new logistics services and to reintegrate existing modules to satisfy the customer.
Ma et al. [16] theoretically report on service modularity that can improve the service product innovation and provide more personalized services. At the same time, service modularity can also decrease the cost and facilitate the expansion and service transition.
Pekkarinen and Ulkuniemi [22] emphasize modularity as a means to standardise service production and, thus, achieve better customer value and profitability. Modular service platform thinking is considered to increase a firm's flexibility and responsiveness and to assist in gaining market share from competitors. Another benefit is a firm's greater ability to customize products to different market segments and customers with less cost. They mention as well the reusability of standardized services that can also be combined to fulfil more demanding heterogeneous needs.
Rahikka et al. [24] cite Pekkarinen and Ulkuniemi [22] and report on modularity of services that contributes to broaden the services' scope and provides more solutions. They argue that flexibility in the service offering can create value for the customer. Additionally, the service provider may benefit from standardisation without losing the ability to customise services to appeal to the customer. Based on an empirical research, they observe that if the content of a module changes, the processes need to change. This would also imply the costs of the service that the customer incurs.
Yang and Shan [31] contend that modular service architecture creates options to reuse, change, standardize, and selectively combine individual modules to develop new service offerings and customized solutions. Moreover, modularity accelerates the launching of new products onto the market.
Yu et al. [32] observe in their case study that the service module allows for the configuration of the offered service package for the individual customer.
Zhou et al. [33] mention that the combination of different types of service components creates different attribute of the service package such as variety and changeability to exhibit higher performance.
The findings of our examination indicate some insights. First, the papers on service modularity associate similar benefits with modularity as the extant literature on product modularity. While this demonstrates the general applicability of the principle of modularity to a wide range of systems, it also demonstrates a research gap in studying the effects of service modularity on service-specific phenomena, e.g. co-creation and customer experience.
Second, while many effects of service modularity are discussed in the considered literature, a substantial part of these studies treats the effects only on a conceptual level. There are few studies that provide qualitative data on the application of modularity in a service context. However, to the best of our knowledge, the effects are not proven by quantitative evidence that appears to be dissatisfactory.
Third, to our surprise the papers focus on positive effects (benefits) and seem to neglect negative ones (risks) although such risks have been identified in the extant literature, e.g. the rigidity of a modular architecture (Henderson and Clark [10] ). A more balanced treatment of positive and negative effects could help to explore the trade-off between integral and modular architectures for services. Forth, coming to the level of evidence of effects of service modularity, we examined three levels. First, some authors only deal with these effects on a more theoretical level. For example, Bask et al. [4] , Bask et al. [5] , Böttcher and Klingner [7] , Ho et al. [9] , Ma et al. [16] , Nagpal and Lyytinen [21] , Seite et al. [26] , and Voss and Hsuan [30] refer to certain effects of service modularity in the extant literature, but do not provide empirical evidence. Second, there exist a lot of authors that deal with these effects more in depth in case studies and provide qualitative evidence (de Blok et al. [6] , Hyötyläinen and Möller [11], Kazemi et al. [12] , Lin and Pekkarinen [15] , and others). This means, they work on an interpretive level. Third, we did not find any authors that deal with these effects on a quantitative level. This means, they do not use a large collection of data.
Summary and further research topics
The review of the literature shows that the concept of modularity has been widely adopted in researching a diverse set of services. The majority of this research builds straight on definitions of modularity from the general literature on modular systems and products. Moreover, while a substantial number of effects of service modularity is discussed in extant research, a substantial part of these studies treats these effects on a conceptual level and does not submit them to an empirical test.
Overall, this review points to research opportunities in service modularity. First, the conceptualization of service modularity can be refined. Using generally accepted definitions of modularity in service research demonstrates the applicability of the concept. However, such an approach does not yield further insights into the specific characteristics and measureable properties of service architectures and service modules. A notable example for such work on extending the conceptualization of service modularity is the discussion of different levels of service architecture, see Voss and Hsuan [30] .
A second avenue for future research is to provide empirically based findings on the effects of service modularity. Again, there is a substantial conceptual discussion of possible effects that mirrors the findings from the general research on modularity. Too few studies, however, seek to substantiate these professed effects with empirical data. Again, there are obvious exceptions, such as the studies of Böttcher and Klingner [7] , and Pekkarinen and Ulkuniemi [22] . Particularly promising might be to research the effects on different phases of the service lifecycle, such as design, implementation, and operations as well as the potential trade-offs between effects on these.
